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(54) Poiyphehylene sulfide resin composition 

(57) The present invention Is a polyphenyfene 
sulfide resin composition comprising (a) a polyphe- 
nylene sulfide resin and (b) an olefin-based resin, and 
satisfying the following conditions (0 through (v): (i) The 
mixing ratio of the polyphenyiene sulfide resin (a) and 
the olef fn-based resin (b) Is such that the amount of the 
polyphenyiene sulfide resin (a) is In a range from 95 to 
60 wt%, while the amount of the olefin-t}ased resin (b) 
is in a range from 5 to 40 wt%, wftii the total weight of 
both the ingredients as 100 wt%; (ii) sard oiefin-b^ed 
resin (b) comprfsing two copolymers: (b-l) an ^oxy 
group-containing olefin copolymer and (b-2) an ethyi- 
ene/a-olef in copolymer obtained by copoiymerizing eth- 
yl^e and an a-oiefln ha\ring 3 to 20 carbon atoms; (Mi) 
as the morphology observed by an electron microscope, 



said polyphenyiene sulfide resin (a) forms a continuous 
phase, and said ofefin-based resin (b) forms a disper- 
sion phase and has a core*shell structure having said 
ethylene/a-olef in copolymer (b-2) acting as a core com- 
ponent contained in said epoxy group-containing olefin 
oopol^er (b-1) acting as a shell component: (iv) the 
melt tlow rate measured at a temperature of 315.6'C 
and at a load of 5000 g according to ASTM-D-1238 is 
in a range from 10 to 50 g/10 min; and (v) the notched 
impact strength measured at -40'C according to 
ASTM-D-256 Is 300 J/m or more. This invention pro- 
vides a PPS resin composition excellent in flowability, 
impact properties and low-temperature roughness and 
suitable for injec^on molding. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Technical Field 

[0001 ] The present invention relates to a polyphenylene sulfide resin composition surtable for injection molding. 
2. Background Art 

10 

[0002] Polyphenylene 8 uFffde (hereinafter called PPS) resins have exceflent properties such as heat resistance, bar- 
rier properties, chemicals resistance, eiectrfc insulation and moist heat resistance suitable as engineering plastics, and 
are usually injection-molded for use as various electric and electronic parts, machine parts, automobile parts and so on. 
[0003] However, PPS resins are lower rn toughness than other engineering plastics such as nylon and PBT, being 

IS limited In applicable fange, and the inriprovement of PPS resins Is highly demanded. 

[0004] For improving the toughness of PPS resins, methods of melt-blending various soft resins and the like have 
been studied. For exanple, USP No. 4,581,411 discloses adding a poiyoief In-based elastomer such as ethylene/pro- 
pylene copolymer elastomer to PPS, and USP No. 4,889,893 discloses a method of adding an a-elefln-glycidyf meth- 
acryiate copolymer, etc. However, these PPS resins do not have sufficient Impact properties. 

^ [0005] USP No. 5,625,002 discloses a method In wh!ch an olefin copolymer containing epoxy groups and an elas- 
tomer free from epoxy groups and acid anhydride groups are mixed with a specific PPS resin. JP2000-198923A dis- 
cioses a method in which an ethylene/a-olefin copolymer having a specific molecular weight distribution and an olefin 
copolymer containing functional groups such as epoxy groups and acid anhydride groups are mixed with a PPS resin. 
Furthemnore, JP2002-226706A discloses a method in which a specific olefin copolymer is finely dt^ersed Into a specific 

^ PPS resin for achieving a high impact resistance of 700 J/m or more in izod impact strength. 

[0006] However, as PPS resin materials are being used in wider areas in recent years, the materials are required to 
have more sophisticated properties such as the moldabiiity for allowing oversized parts to be molded and the toughness 
at low temperature. In this situation, the resin compositions proposed so far cannot sufffciently satisfy these require- 
ments, and \t is demanded to develop an economically advantageous material having higher flowability (mold^ility), 

30 impact properties and low4emperature toughness. 

SUMIWARY OF THE INVENTION 

10007] The problem to be solved by the present Invention is to provide a polyphenylene sulfide resin conrH^ositbn 
35 speclficairy excellent In flowability, impact propertfes and iow-temperahire toughness and suitable for oversized Injec- 
tion molding. 

[0008] The inventors studied to solve the above-mentioned problem, and as a resuft, found that if plurai specific 
olefin copolymers are used to form a core^hell dispersion phase in a continuous phase conrrposedof a PPS resin, the 
above-mentioned problem can be solved. Thus, the present invention has been arrived at. 
40 [0009] T)iis invention Is a polyphenylene eulUde resin composition comprising (a) a polyphenylene sulfide resin and 
(b) an olefin-based lesln, and satisfying the foilov^ng conc^ons (i) through (v): 

([} The mixing ratio of the polyphenylene sulfide resin (a) ar>d the oieftn-based resin (b) Js such that the amount of 
the polyphenylene sulflcte resin (a) is In a range from 95 to 60 wt%, white the amount of the olefin-based resin (b) 
45 Is in a range from 5 to 40 wt%, with the total weight of both the ingredfenis as 100 wt%; 

(ii) Said olefin-based resin (b) comprising two copolymers: flb-l) an epoxy group-containing olefin copolymer and 
(b-2) an ethylene/a-olefln copolymer obtained by copofymerizing ethylene and an a-olefin having 3 to 20 carbon 
atoms; 

(III) As the morphology of the polyphenylene sulfide resin composition observed by an electron mteroscope, said 
so poiyphenyienesulfide resin (a) fomns a continuous phase, and said olefin-based resin (b) forms a dispersion phase 

and has acore-sheii structure havingsaid ethylene/a-oIefin copolymer (b-2) acting as acore component contained 
in said epoxy group-contalnfng olefin copolymer (b-1) acting as a shell component; 

(tv) The melt flow rate of the polyphenylene sulfide res^ composition measured at a temperature of 31 5.5°0 and 
at a load of 5000 g according to ASTI\/I-D-1238 is fn a range from 10 to 50 g/10 min; 
^ (v) The notched impact strength of the polyphenylene sulfide resin composition measured at -40''C according to 

ASTM-O-SSe is 300 J/m or more. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 is a model drawing showing a (X)re-$he1l dispersion phase structure. Fig. 2 is a model drawing showing 
a core-shell dispersion phase structure having a core component partially contained In a shell component, in Figs. 1 
and 2, 1 denotes a PPS resin (a) ; 2, an epoxy group-containing olefin copolymer (b-1); and 3, an ethyler^Qt-oleffln 
copolymer (b-2} respectively, 

DESIRABLE MODES FOR CARRYING OUT THE INVENTION 

[0011] Modes for carrying out tTie invention are described below In detail. 

(1) PPS resin 

[0012] The PPS resin (a) used In this invention is a polymer having recurring units represented by the following 
structural formula (1). 



in view of heat resistance. It is preferred that the polymer contains 70 mol% or more of the recurring units represented 
by said stmctural fonnuJa, A polymer containing 90 mof% or more of the recun-ing units is more prefen'ed. Less than 
30 mol% of the recun'Ing units of the PPS resin can consist of the recuning unite represented by the following structures, 
etc. 



^ o o 



PH3 CHa 

ity^f i^^^ -(0-»)- 

CH3 

[0013] The PPS polymer partially having such structures has a low melting point. If the resin composition of this 
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invention has a low tneltirig point, it Is advantageous in view of moldablliiy. 

[0014] The PPS resin is excellent in heat resistance, chemicals resistance, flame retardancy, electric properties and 
mechanical properties, being especially suitable for injection molding. 

[0015] It Is preferred that the PPS resin (a) used in this invention Is a PPS restn (a-1) having a meft flow rate (here- 

s Inafter called MFR) of 1 00 to 400 g/1 0 min as measured at a temperature of 315.5°C and at a load of 5000 g according 
to ASTM-D-1 238 and having a chlorofonn extractable fraction of 2 to 4 wt%, A more preferred MFR range of the PPS 
resin (a-1 ) Is from 1 50 to 350 g/1 Omin, and a further more preferred range is from 200 to 300 g/1 0 min. it is preferred 
that the chlorofonn extractable fraction of the PPS resin (a-1 ) is in a range from 2 to 3.5 wt%, and a more prefen^d 
range Is from 2.2 to 3 wt%. Furthennore, it is preferred that the PPS resin is not crossllnked. An MFR of less than 100 

10 g/10 min is not prefemed, since the flowability of the obtained PPS resin composition declines, making It difffcult to 
produce oversized molded parts. An MFR of more than 400 g/10 min is notprefen^ed either, since the Impact strength 
of the obtained PPS resin composition becomes so low as to allow oversized molded parts to be craciced, 
[001 6] The chloroform extractable fraction indicates the organ ic oligomer content. The chloroform extractable fraction 
in this invention is calculated from the amount remaining after subjecting 1 0 g of a polymersample to Soxhiet extraction 

IS for 5 hours using 200 mL of chloroform. If the ol^omer content is In the above-mentioned range, the obtained PPS 
resin composition can be satisfactory in both flowability and Impact strength, A chlorofonn extractable fraction of less 
than 2 wt% is not preferred, since the flowability of the obtained PPS resin composition tends to decline, making it 
difficult to achieve a balance between flowability and Impad: strength. A chlorofonn extractable fraction of more than 
4 wt% Is not preferred either, since the oligomer content is so latige as to gwe a tendency that tiie impact strength 

20 declines. For obtdnlng a PPS resin with ttie chiorofomi extractable fraction k&pt In the above-mentioned range, the 
flash method described later is an effective production method. 

[0017] it is prefemed that the PPS resin (a-1 ) is a substantially linear PPS resin not increased In molecular weight 
by means of crosslinking. A PPS resin with its MFR kept in the above-mentioned mnge without being increased in 
moiecuiar weight by crosslinking Is higher in impact properties than a PPS resin obtained by increasing the molecular 

25 weight of a low-motecular weight (high-MFR) PPS lay means of crosslinking. Furthemiore, a substantially linear PPS 
resin is prefen^d, since the core-shell structure is likely to be fonned in the olefin-based resin (b) described later. 
[0018] it is preferred that the ash content of the PPS resin (a-1) is In a range from 0,35 wt% to 0.65 wt%. A more 
preferred range is from 0.40 wt% to 0,60 wt%. The ash content indicates the ionic compound contained In the PPS 
resin. If the ash content in the above-mentioned range, the conr^atlbllity enhancing effect by the ionic compound Im- 

30 proves low-temperature properties, especially low-temperature tensile elongation. If the ash content is less than 0.35 
wt%, thecompatlbiilly enhancing effect by the ionic compound declines to lowerthe low-temperature tensile elongation. 
On the other hand, an ash content of mo re than 0,65 wt% is not preferred, since ^efonnation of the core-shell structure 
in the olefin-based resin (b) described later is Impaired to lowerthe low-temperature impact strength. 
[0019] For measuring the ash content, about 5 g of a PPS resin dried at ISO'C for 1 hour is weighed, placed In a 

35 crucible, prellmlnarfly burned using an electrb heaterforabout 3 hours, and burned using the declrfefurnace atSSO'C 
for about 20 hours for perfect incineration. The remaining weight is measured, and the rate of it to the w^ght of the 
dried resin is calcuiated as the ash content. 

[0020] The PPS resrn (a) can furt:her contain a PPS resin (a-2) in addition to tiie PPS resin (a-1 ). ft is prefened that 
the PPS resin (a*2) used in this invention has an MFR of 50 to 800 g/1 0 min as measured at a temperature of 315,5°C 

40 and at a load of 5000 g according to ASTM^-1 238, has a chlorofonn extractable fraction of as snnall as 1 wt% or less, 
and Is not crossllnked. It is especially prefen^ed that the MFR is in a range from 60 to 200 g/10 min and that the 
chloroform extractable fraction Is 0.6 wt% or less. It is prefen^ that the amount of the PPS resin (a-2) added Is in a 
range from 6 to 80 parts by weight per 1 00 parts by weight of the PPS resin (a-1 ). A more preferred range Is from 1 0 
to 60 parts by weight It is not preferred that the amount of the PPS resin (a-2) is more than 80 parts by weight, since 

^ the balance of flowability becomes poor. 

(2} OJefin-based resin 

[Amount of the olefin-based resin added] 

50 

[0021] The mixirvg ratio of the PPS resin (a) and the oiefin-based resin in this invention is such that the amount of 
the PPS resin (a) is in a range from 95 to 60 wt%, while the amount of the olefin-based resin is In a range from 5 to 
40 wt%. with the total amount of both the Ingredfents as 100 wl%. It Is prefemed that the amount of the PPS resin (a) 
Is in a range from 85 to 70 wl%, while the amount of the olefin-based resin (b) is In a range from 15 to 30 wt%. It Is not 
ss prefenred that the amount of the olefin-based resin is less than 5 wt%, since it is difficult to obtain the effects of improving 
f lexibilit/ and impact properties, it is not preferred either that the amount of the olefin-based resin is more than 40 wt% 
on the contrary, since the thermal stability and bamer properties peculiar to the PPS resin are Impaired, and since the 
viscosity during melt kneading becomes large to give a tendency of lowering fTowabllity. 
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[MFR and density of the olefin-based resin] 

[0022] It is prefieiTed that the me^ flow rate (M FR) of the olef in-based resin (b) of ttils invention measured at 1 90''C 
and at a load of 2160 g according to ASTM-D-ISSB Is In a range from 0.01 to 70 g/tO min. A more preferred range is 
from 0.03 to 60 0 min. An M FR of less than 0.01 g/1 0 min is not pretended, since thefiowab IJity of the resin composition 
declines. An MFR of more tan 70 g/1 0 mrn Is not preferred either, since the impact resistance may decline depending 
on the shape of the molded part 

[0023] It Is preferred that the density of the oiefin-based resin (b) of this invention is In a range from 800 to 970 kg/ 
m^ A density of higher than 970 Icg/m^ Is not preferred, since it ts difficult to exhibit the low-temperature toughness, A 
densHy of lower than 800 kg/rrfi not preferred either, since tfie handlfng properties decline. 

[Mixing ratio of (b-1) and (b-2}] 

[0024] In this Invention, as the olefin-based resin (b), it is necessary to use both the epoxy group-containing olefin 
copolymer (b-1) and the ethylene/a-oiefin copolymer (b-2) obtained by copolymerizing ethylene and an a-oiefin with 
3 to 20 carbon atoms. It is preferred that their mixing ratio is such that the amount of the ingredient (b-1 ) is in a range 
from 5 to 60 wl%p while the amount of the ingredient p)-2) Is fn a range from 95 to 40 wt%, writh tiie total amount of 
both the ingredients as 1 00 wt%. It is more prefenred that the amount of the ingredient (b-1 ) is in a range from 1 0 to 
50 wt%, while the amount of the ingredient (b-2) is in a range from 90 to 50 wt%. it is further more prefen-ed that the 
amount of the ingredient (b-1 ) is in a range from 1 0 to 40 wt%, while the amount of the ingredient (b-2) fs In a range 
from 90 to 60 wt%. If the amount of the ingredient (b-1) is smaller than 5 wl%, the Intended morphology tends to be 
dtfficuft to obtain. If the amount of the ingredient (b-1 ) Is larger than 60 wt%, the viscosity during melt kneading tends 
to Increase, 

[Epoxy group-containing olefin copolymer (b-1 }] 

[0025] The epoxy group-containing olefin copolymer (b-1 ) used in this invention is an olefin copolymer obtained by 
Introducing a monomer having an epoxy group as a component into an olefin polymer or olefin copolymer. 
[0026] Examples the functional group-containing monomer for introducing the epoxy group-containing monomer as 
a component include glycidyf acrylate, glycldyl methacrylate, glycidyl ethaciylate, glycidyl itaconate, glycldyl citraco- 
nate, etc. 

[0027] The method for introducing an epoxy group-containing monomer Is not especially limited. The monomer can 
becopolymerized when the olefin poiymerorcopolymer is produced, or ft can be graft-introduced into the olefin polymer 
or copolymer using a radical initiator. 

[0028] The amount of the epoxy group<:ontalning monomer to be introduced fs in a range from 0,001 to 40 mol% 
based on the entire amount of the epoxy group-containing ofefin copolymer. A preferred range is from 0.01 to 35 mol%, 
[0029] A preferred example of the epoxy group-containing olefin copolymer (b-1 ) especially useful In this Invention 
is an olefin copolymer obtained with an a-oiefin and the glycldyl ester of an a,p-unsaturated carboxy lie acid as essential 
comonomers. As the a-oiefin, ethylene is preferred. The copolymer can also be copoiymerized with an o,p-unsaturated 
carboxyite acid or any of its allcyl esters such as acryBc acid, methyl acrylate, ethyl acrylate, buty! ai^late, methacrylic 
acid, meUiyl methacrylate, ethyl methacryiate and butyl meAhacrylote, 

[0030] I n this Invention, an olefin copolymer with 60 to 99 wt% of an a-olefin and 1 to 40 wt% of the glycldyl ester of 
an a^l^unsaturated carboxyllc acid as essential comonomers is especially preferred. 

[0031] The glycldyl ester of an a,p^unsaturated carboxyllc acid refers to a compound represented by the following 
fomnula: 



(where R denotes a hydrogen atom or lower aikyi group .) Examples of the glycldyl ester of an a,p-unsaturated carboxyllc 
acrd include glycidyl acrylate, glycidyl methacryiate and g^ldyl ethacrylate. Among them, glycidyl methacryiate can 
be preferably used. Examples of the olefin oopol^er with an a-olefin and tiie glycidyl ester of an a,^-unsaturated 
carboxylic acid as essential comonomers Include ethylene/propylene-g-glycidyi methacryiate copolymer ("g" stands 
for graft; hereinafter this applies), ethylene/butene-1-g-glycidyi methacryiate copolymer, ethylene/glyddyl acrylate cc- 
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polymer, ethylene/glycidyl methacrylate copolymer, ethylene/methyl acrylate/glycfdyl methacrylate copolymer and eth- 
yfene/metJiyl methacrylate/giycldyi methacrylate copolymer. Among them, a oopolymersalectedfrom efliylene/glycldyl 
methacryiate copolymer, ethytene^nethyl acryJate/glycidyl methacrylate copolymer and ethyEene/hrieQiyf methacrylate/ 
giycidyl methacrylate copolym^ can be preferably used. 

[Ethyiene/a-olefin copolymer (b-2)] 

[0032] Furthemiore. the ethylene/a-olef In copolymer (b-2) obtained from ethylene and an a-olef In with 3 to 20 carbon 
atoms espedally useful In this invention refers to a copolymer with ethylene and at least one a-olefin having 3 to 20 
carbon atoms as components. Examples of said a-olefin havrng 3 to 20 carbon atoms include propylene, 1-bLrtene, 
1-pentene, 1-hexene, 1-heptene, 1-octene. 1-nonene, 1-deoene, l-undecene. 1-dodecene, 1-trfdecene, 1-tetra- 
decene, 1-pentadecene, 1-hexadecene, 1-heptadeoene. 1-octedecene, 1-nonadecene, 1-elcosene, 3-methyl- 
1-butene, 3-methyl-1-pentene, 3-ethyl-1 -pentene, 4-methyl-1 -pentene, 4-methyl-1 -hexene, 4,4-dlmethyl-1^hexene, 
4Adimethyl-1-pentene, 4-ethyM -hexene, 3-ethyl-1 -hexene, 9-methyl-1 -decene, 11 -methyM -dodecene, 12-ethyl- 
1-tetradecene, and combinations thereof . Among these a-olefins, a copolymer using an a-olefin having4to 12carbon 
atoms is prefen-ed, since Et is improved in mechanical strength and further Improved In the effect of modification, 

(3) Antioxidant 

[0033] In this Invention, to keep high heat resistance and thermal stability, it Is preferred to let the resin composition 
contai n at least one or more antioxidants selected from phenol-based antioxidants and ph osphorus-based antioxidants, 
it IS preferred that the amount of the antioxidant Is 0.01 part by weight or more, especially 0,02 part by weight or more 
per 1 00 parts by weight of the PPS resin (a) and the olef In-based resin (b) in total. It Is preferred that the amount of 
the antioxidant is 6 parts by weight or less, especially 1 part by weight or less per 1 00 parts by weight of the PPS resin 
{a) and the olef In-based resin (b) In total, it Is also prefen-ed to use a phenol-based antioxidant and a phosphorus- 
based antioxidant together, since especially the effects of iceeping heat resistance and thermal stabHfly are large, 
[0034] As the phenol*based antioxidant, a hindered phenol-based compound can be preferably used. Examples of 
the hindered phenof-based compound include 
triethyleneglycol-bis[3-t-butyl-{5-methyl-4-hydroxyphenyl)p ropionate], 
N,N'-hexamethylenebls(3,5-di-t-butyl-4-hydroxy-hydrocrnnamide), 
tetrakis[methyIene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate]methane, 
pentaerythi1lyItetrakis[3-C3',5'-di-t-butyl-4'-hydroxypheny l)propionate], 
1 ;3,5-tris(3,5-di-t-butyl-4-hydroxybenzyl)-s-triazlne-2,4.e -(1 H,3H,5H)-trlon6, 
1 , 1 ,3-tns{2-methyf-4-hydroxy-5-t-butylphenyI)butane, 
4,4*-butylldenebi5(3-methyl-6-t-butylphenol), 
n-octadecyl-3-(3,5-dl-t-butyl-4-bydroxy-phenyf)propionate, 

3,9-bIa[2-(3-(3-t-bulyl-4-hydroxy-6-methylphenyf)propionyIo xy)-1,1-dimethylethyj]-2,4,8,10-tetraoxasplro[5,6]un de- 
cane, 

1 .3,5-trimethyl-2,4,6-tris-{3,5-dl-t-butyI-4-hydroxyben2yJ) benzene^ etc. Among them, an ester-type polymeric hindered 
phenol compound is preferred. Particuiarly, tt is prefened to use 
tetraki8[methylene^-(3\5'-di-t-butyl-4'-hydroxyphenyl)pro plonatejmethane, 
pentaefythrityJtetrakisI13.(3',6'-di-t-butyl-4'-hydroxypheny 1 )propionate], 

3,9-bis[2-(3-(3+butyl-4-hydroxy-5-methylphenyl)proplonylo xy)-t 1 -dimettiyJethi^]-2,4,B,1 0-tetraoxasplro(S^unde- 
cane, etc« 

[0035] Examples of tiie phosphorus-based antioxidant include bis(2,6-di-t-butyl-4-methylphenyl)pentaerythritoi-dl- 
phosph ite, bis(2,4-di-t-buty!phenyl)pentHerythritol-di-phosphite, bis(2,4-di-cumylphenyl)pentaerythritol'di-phosphite, 
trfs(2,4-di-^butylphenyl)phosphlte,tet^ak^s(2,4-dl-t-b^t/lphenyl)-4,4'-b^sphenylene phosphite di-stearylpentaerlthrftol- 
di-phosphite» triphenyJ phosphite, 3,5-di-butyI-4-hydroxybenzyl phosphonate diethyl ester, etc. 
[0036] Among them, for decreasing the volatilization and decomposition of the antioxidant during the compounding 
of the PPS resin, an antioxidant with a high melting point Is prefened. Particularly It is preferred to use bis(2,6-di-t- 
butyl-4-methylphenyl)pentaerythritol-di-phosph ite, bls(2,4-dl-t-butyi|;^«iyl)pentaerythrltol^di-phosphite, bis(2,4-di- 
cumylphenyi)pentaerythritol-di-phosphfte, etc. 

(4) Other additives 

[0037] Furthemiore, to such an extent that the effects of this invention are not impaired, a resin other than the olef in- 
based resin can be added to the PPS resin composition of this invention. For example, if a email amount of a highly 
flexible tiienmoplastlc resin is added, flexibility and impact properties can be further improved. However, It is not pre- 
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ferred that the amount of the thermoplastic resin 2s more than 50 wt% based on the weight of the entire composition, 
since the features peculiar to the PPS resin are Impaired, it is especialfy preferred that the amount is 30 wt% or less. 
Examples of the thermopiastfc resin include a poiyamide resin, polybutyieneterephthalate resin, polyethylene tereph- 
thalate resin, modified polyphenylene ether resin, polysulfone resin, polyaryl sulfone resin, polylcetone res[n, polyeth- 
erimide resin, potyarylate resin, liquid crystal polymer, polyether sulfone resin, polyether Icetone resin, polythloeth^ 
ketone resin, polyether ether i<etone resin, poij^mide resin, poiyamideimide resin, polyethylene tetrafluoride resfn, etc, 
[0038] For the purpose of modification, the following compounds can be added. The ordinary additives that can be 
added In this case Include a coupling agent such as an isocyanate-based compound, organic silane-based compound, 
organic titanate-based compound, organic borane-based compound or epoxy compound, a plasticizer such as a poly- 
alkylene oxide oigomer-based compound, thioether-based oorr^ound, ester-based corrpound or organic phosphon^- 
based compound, a crystal nucleating agent such as taic, Icaolln, organic phosphorus compound or polyether ether 
Icetone, a metal soap such as montanic acid wax, lithium stearate or aluminum stearate, a releasing agent such as 
ethylenedlamine/stearic acid/sebaclc acid polycondensatfon product or silicone-based compound, a coloration pre- 
ventive such as a hypophosphlte, further, a lubricant, ultraviolet light absorber, colorant, flame retarder, foaming agent, 
etc. It is not preferred that the amount of any of the above-mentioned compounds is more than 20 wt% based on the 
weight of the entire composition, since the properties peculiar to the PPS rssin are jnrrpaired. Preferred is 10 wt% or 
less, and more preferred is 1 wt% or less. 

[0039] In this invention, it is prefened to mix a coupling agent such as an organic sllane, since the low-temperature 
toughness can iae further enharvsed. The amount of the organic silane mixed is in a range from 0. 1 to 3 parts by weight 
per 1 00 parts by weight of the PPS resin (a) . A preferred range Is from 0.5 to 2,5 parts by weight. 
[0040] A filler can also be mixed with the PPS resin composition of this invention to such an extent that the effects 
of this invention are not impaired. Examples of the filler Include fibrous fillers such as glass fibers, carbon fibers, po- 
tassium tftanate whisi<ers, zinc oxide whisl<ers, calcium carbonate whiskers, wollastonite whiskers, aluminum boreite 
whiskers, aramidfibers, alumina fibers^ silicon carbonfibers, ceramicfibers, asbestos fibers, gypsum fibers and metallic 
ftoers, siFlcates such as talc, wollastonite, zeolite, serlclte, mica, kaolin, clay, pyrophyllite, bentonite, asbestos and 
alumina silicate, metal compounds such as silicon oxide, magnesium oxide, alumina, zirconium oxide, titanium oxide 
and Iron oxide, carbonates such as calcium carbonate, magnesium carbonate and dolomite, sulfates such as calcium 
sulfate and barium sulfate, hydroxides such as cateium hydroxide, magnesium hydroxide and aluminum hydroxide, 
and non-fibrous fillers such as glass beads, glass flakes, glass powder, ceramic beads, boron nitride, silicon carbide, 
carbon black, silica and graphite. They can also be hoflow, Tm or more of these fillers can also be used together. 
These fillers can also be preliminarily treated with a coupling agent such as an fsocyanate-based compound, organic 
silane-based compound, organic titanate-based compound, organic borane-based compound or epoxy compound be- 
fore tiiey are used, 

[Morphology] 

[0041] The PPS resin composition of this invention is required to be such that the PPS resin fonns a continuous 
phase (matrix) , while the olefin-based resin fomis a dispersicHi phase. In this case, the excellent heat resistance, 
chemicals resistance and barrier properties peculiar to the PPS resin can be sustained also as the properties of the 
resin cwnposftion, and further, the resin composition can also have excellent flowability, flexibility, impact properties 
and low-temperature toughness. 

[0042] Moreover, the PPS resin composition of this invention is required to be such that, as shown In Rg. 1, the 
olefin-based resin (b) forming a dispersion phase has a cofe-shell structure, in Fig. 1 , a PPS resin 1 fomris a continuous 
phase (matrix) , and an epoxy graup-containing olefin copolymers (b-1) fornis a primary dispersion phase (shell com- 
ponent and further forms a core-shelf dispersion phase having an ethylene/a-olefin copoiymer 3 contained as a sec- 
ondary dispersion phase (core component) in the primary dispersion phase (shell component), it has been found that 
if such a core-shell structure is fomned, especially the impact properties in a low-temperature range (I.e., low-temper- 
ature toughness) can be remaricably improved. 

[0043] As for the core-shell structure, it is preferred that, In each core-she!( particle, the shell component contains 
the entire cons component as shown in Fig. 1 , but the shell component may also partially contain the core component 
as shown in Fig. 2, In this case, It Is prefen-ed that 50% or more of the circtmiferenoe of each core-shell partide is 
covered with the component (b-1). More preferred is 80% or more- 

[0CM4] Whether or not the core-shell structure is formed can be judged by observing the resin composition or also 
by obsen^ing the molded part obtained from the resin composition . In the case where the resi n composition is observed, 
the Judgment can be made by staining asection of the PPS resin composition of this invention with ruthenium, obtaining 
a slice of 0,1 jim or less by cutdng, aid obsenring at a 100, OOO^old magnifteatlon using a transmission eiedron 
microscope. 

[0045] In this invention, the olefin-based resin (b) having a oore^hell stojcture means that the rate of the number of 
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the dispersed particles having the core-shell structure to the total number of dispersed parbcles observed like this Is 
50% or more, preferably 80% or more. In the case where the rate of the dispersed particles having the core-shell 
structure is less than 50%, it is defined In this specification that the ol^in-based resin (b) does not have the core-shell 
structure. 

5 [0046] Furthennore, it is prefenred that the average particle size of the otefin-based resfn (b) dispersed as p^cies 
In the PPS resin (a) is O.B fim or less. More pretended is 0.5 or less. The dispersion pattern of the oief in-based resin 
(b) can be judged by freezing the PPS resin composition without staining it, obtaining a slice of 0.1 \m or less by 
cutting, and observing with a transmission electron microscope. For optional 100 particles of the olef in-based resin as 
the dispersion phase, the respective largest diameters and the smallest diameters are measured and av^aged to 

10 (detain the particle sizes of the respective particies in the dispersion phase, and ^ey are numb^-averaged to obtain 
an average partfcfe size, 

[Flowablirty (MFR)] 

IS [0047] The PPS resin composition of this invention js required to be such that the IWFR measured at a temperature 
of 3 15.5** C and at a load of 5000 g according to ASTM-D-1 238 is in a range from 1 0 to 50 g/1 0 min. A preferred range 
is from 14 to 30 g/10 min, and a more preferred range 1$ from 16 to 26 g/1 0 mln. An MFR of less than 10 g/1 0 min is 
not pretended, since poor flll!ng occurs in the injection molding for producing an overstzed molded part, or sinoe a 
molding machine with a large clamping pressure must be used. An MFR of more th^ 50 g/10 min Is not prefen^d 

so either, since the molded part tends to decline in impact properties. 

[Low-temperature toughness] 

[0048] The PPS composrtion of this Invention is required to be such that the notched impact strength measured at 
25 a temperature of -40"C according to ASTM-D-256 is 300 J/m or higher. Preened Is 500 J/m or higher, and more 
preferred is 680 J/m or higher. The method of measuring the impact strength ts described later in detari. An Impact 
strength of lower than 300 J/m is not preferred, since an oversized molded part obtained from the composition may be 
cr^ked by hnpact when It is used in a low-temperature environment. 

50 [Method for producing a PPS reslnj 

[0049] A PPS resin can be produced at high yield by totting a polyhalogenated aromatic compound and a sulfidizing 
agent react with each other in a polar organic solvent, to produce a PPS resrn, and collecting and poet-treating it 
[0050] A polyhalogenated aromatic compound refers to a compound having two or more halogen atoms in the moJ- 

35 ecule. Exmples of the polyhalogenated aromatic compound include p-dichiorobenzene, m-dlchlorobenzene, o-dlchlo- 
robenzene. 1 ,3,5-trichlorobenzene, 1 ,2,4-trichiorobenzene, 1 ,2,4,5-tetrachlorobenzene, hexachiorobenzene, 
2,S-dlchJorotoluene,2,6-dichlora-p-xylene, 1,4-dibromob6nzene, 1,4-diiodobenzene, 1-melhoxy-2,5-dichlorobenzene, 
ete. Among them, it is prefemed to use p-dichlorobenzene. Furthermore, two or more polyhalogenated aromatic com- 
pounds can also be combined to make a copolymer, but ft is prefened to use a p-dlhaiogenated aromatic conY)ound 

^ as a main component. 

[0051] The amount of the polyhalogenated aromatic compound used is In a range from 0.9 to 2.0 moles per 1 mofe 
of the sulfidizing agent for obtaining a PPS resin with a viscosity suitable for processing. A prefened range Is from 0.95 
to 1 ,5 moles, and a more pretended range Is from 1 .005 to 1 .2 moles. 

[00S2] Examples of the suifid!zing agent include alkali metal sulfides, alkali metal hydrosulfides and hydrogen sulfide. 

45 [0053] Examples of the alkali metat sulfides include lithium sulfide, sodium sulfide, potassium suffide, rubidium 
sulfide, cesium sulfide and a mixture consisting of two or more of the foregoing. Above all, sodium sulfide can be 
preferably used. These alkali metal sulfides can be used as hydrates, aqueous mixtures or anhydrkjes, 
[0054] Examples of the alkali mstal hydrosulflde Include sodium hydrosulffde, potassium hydrosulfide, lithium hydro- 
sulfite, rubidium hydrosulflde, cesium hydrosulflde and a mixture consisting of two of more of the foregoing. Among 

so them, sodium hydrosulflde can be preferably used. ITiese alkali metal hydrosuifides can be used as hydrates, aqueous 
mixtures or anhydrides. 

[0055] In this Invention, in the case where the sulfidizing agent is partially lost due to dehydration operaHon the 
like before the Initiation of polymerizatfon reaction, the amount of the sulfkllzing agent charged means the amount 
obtained by subtracting the loss from the actually charged amount. 
55 [0056] The sulfidizing agent can also be used together with an alkali metal hydroxide and/or an alkaline earth metal 
hydroxide, Prefenred examples of the alkalr metal hydroxide rndude sodium hydroxide, potassium hydroxide, lithium 
hydroxide, rubidium hydroxide, cesium hydroxide and a mixture consisting of two or more of the foregoing. Examples 
of the alkaline eariti metal hydroxrcle rndude catelum hydroxide, strontium hydroxide and barium hydroxide. Above afl, 
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sodium hydroxide can be preferably used. 

PXIST] In the case where an alkali metai hydrosuffide is used as the suffidizing agent, ft Is especially preferred to use 
It together wfth an alkali metal hydroxide. The amount of the alkali metal hydroxide used is in a range from 0, 95 to 
1.20 moles per 1 mofe of the alkali metal hydrosulfWe, A preferred range fs from 1.00 to 1.16 moles, and a more 
preferred range is from 1 .005 to 1 ,1 00 moles. 

[0058] An example of the method for produdng the PPS resin (a) used in this Invention is paitlcularly described 
below in the ord^ of pr^^atment step, polymerizatton raacdon stsp, recovery step and posttreatment step 

[Pretreatment step] 

[0059] The sulfidlzing agent Is usually used as a hydrate. It is prefen^ed to heat the mixture containing an organic 
polar solvent and the sulfWizing agent for removing extra water from the system, before adding the polyhalogenated 
aromatic compound, if too much water is removed as a result of this operatbn, it is prefen^ to add water for covering 
the shortage. 

[0060] The sulfidizing agent can also be an alkali metal sulfide produced from an alkali m^l hydrosulflde and an 
alkali metal hydroxide in situ in the reaction system or in a reactor different from the pofymerlzation reactor Desirable 
production conditions are such that an afkall metal hydrosutfide and an alkali metal hydroxide are added to an organic 
polar solvent in an Inert gas atmosphere in a temperature range from room temperature to 150**C, especially from 
room temperature to 100°C, and are heated to 150*C or higher especially to 180-260'»C at atmospheric pr^sure or 
reduced pressure for distilling away water. For accelerating the distllfation removal of water* toluene or the like can 
also be added for the reaction. 

[0061] It Is preferred that the amount of water in the polymerization reaction system is in a range from 0.5 to 1 0.0 
moles per 1 mole of the charged sulffdizing agent. The amount of water In the polymerization reaction system refers 
to the amount of water obtained by subtracting the amount of water removed outside the polymerization reaction system 
from the amount of water charged into the polymerization reaction system. The water charged can be any of liquid 
water, aqueous solution, aystal water and the like. Amore pretended range of the amount of water is from 0,75 to 2.5 
moles per 1 mole of the sulfidizing agent. A more preferred range Is from 1 ,0 to 1 .25 moles. To keep the amount of 
water in this range, water can also be added before or during polymerizatbn. 

[Polymerization reaction step] 

[0062] A suifldizing agent and a polyhalogenated aromatic compound are caused to leact with each other In an 
organic polar solvent such as N-methyi-2-pynnolidone in a temperature range from 200**C to lower than 290»C, to 
produce a PPS resin. 

[0063] For inftlating the polymerization reaction step, a sulfidizing agent and a polyhalogenated aromatic compound 
are added to an organic polar solvent, desirably in an inert gas atmosphere in a temperature range from room tem- 
perature to 220"C, preferably 1 00 to 220*C. In this stage, a polymerization aid such as sodium acetate can also be 
added. The polymerization aid means a substance capable of acting to increasetheviscosity of the PPS resin obtained. 
The charging order of raw materials can be arialtrary or simultaneous. 

[0064] The mixture is usually heated to a temperature of 200''C to 290-C. The heating rate is not especially limited, 
but is usually selected rn a range from 0.01 to 5*C/min. A more preferred range is from 0.1 to 3'*C/min. 
[0065] Finally the temperature Is raised to a temperature of 260 to 290^*0, and the reaction is carried out at the 
temperature for 0.25 to 50 hours, preferably 0.6 to 20 hours. 

[0066] Canying out the reaction for a certain period of time, for example, at a temperature of 200«C to 245''C and 
thm heating to a final temperature of 250 to 290"C is effective for obtaining a higher polymerization degree. In this 
case, the reacHon time at a tenr^erature of 200'Cto 245"C is usually selected in a range from 0.25 hour to 20 hours, 
preferably 0.25 to 10 hours, 

[Recovery step] 

[0067] After completion of polymerizafti on, a solid matter is recovered f rcMTi the polymerization reaction product con- 
tainlng the polymer, solvent, etc. 

[0068] For obtaining a PPS resin (a-1) with a chloroform extractable fraction of 2 to 4 wt% used in this invention, It 
is preferred to recover under a quicWy cooling condition. One of prefen-ed recovery methods is the flash method. The 
flash method refers to a method, in which a poiymerizatton rsaction product is flashed from a high-temperature high- 
pressure state (usually 250*»C or higher and 8 kg/bm^or higher) to an atmosphere of atmospheric pressure or reduced 
pressure^ for recovering the solvent and also for recovering the polymer as a powder. In this case, flashing means to 
eject the polymerization reaction product! rom a nozzle. The atmosphere into which the polymerization reaction product 
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is flashed rs, for example, nitrogen or water vapor atmosphere of atmospheric pressure, and the temperature can be 
usually selected in a range from 150^C to 250*'C. 

[0069] The flash method Is an economically excellent recovery method, since the solid matter as well as the solvent 
can be recovered in a relatively short period of time* According to this recovery method, Impurities such as an ionic 
s compound containing metallic ions such as sodium Ions and an organic oligcHner tend to stray into the polymer In the 
process- of solidlflcation. 

[0070] On the other hand, for recovering the PPS resin (a-2) used In this invention, a method comprising the steps 
of gradually cooling while crystallizing the polymerization reaction product and acquiring the solid matter by fito'ation 
for recovery is preferred. This method tends to be somewhat low in productivity, since the gradual cooling for recovering 
10 taices time, compared with the flash method. Furthemiore, there must be another step of separating NMP from the 
sc^id matter IHowever, probably because particles are at first eliminated in the process of crystallization, impurities 
such as a nwnaining ronic compound and an organic oligomer are lii^eiy to be removed from the recovered solid matter 

[Posttreatment step] 

IS 

[Q071] It is preferred that the PPS resin (a) used in this invention is washed by means of acid treatment, hot water 
treatment or organic solvent after It has underwent the above-mentioned steps of polymerization and recovery, 
[0072] The acid treatment can be carried out as described be! ow. The acid used for the acid treatment is not especially 
limited if it does not act to decompose the PPS resin. Exsunples of the acid include acetic acid, hydrochloric acid, 
20 sulfuric acid, phosphoric add, silicic acid, cartjonic add, propylic add, etc. Among them, acetic add and hydiDchiorkj 
add can be more preferably used. An acid such as nitric add that decomposes and deteriorHtes the PPS r^sln is not 
prefenBd. 

[0073] An example of add treatment is immersing the PPS resin in an acid or an aqueous solution of an acid, and 
the mixture can also be as required stirred or heated, in the case where acetic add is used tor example, the PPS resin 
powder is InrunefBed in an aqueous solution of pH 4 heated at 80 to 200'»C and the mixture is stirred for 30 minutes to 
obtain sufficient effects. The acid-treated PPS resin is washed with cold or hot water several times to physically remove 
the add, saft or the like remaining. It is preferred that the water used for washing is distilied water or deionized water, 
for preventing that the preferred efl^ect of acid treatment In chemlcaiiy modif/ing the PPS resin is impaired, 
[0074] The hot water treatment can be carried out as described below. For hot water treatment of the PPS resin, it 
30 IS preferred that the hot water temperature is 100"C or higher. More preferred is ^20''C or hfeher, and furthw more 
prefen-ed is 1 50*^0 or higher Especially preferred Is 1 70'C or higher Atemperature of lower than 1 0O^C is fiot preferred, 
since the preferred effect in chemically modifying the PPS resin is small. 

[0075] To exhibit the preferred effect of hot water washing In chemically modifying the PPS resin, It is preferred that 
the water used is distilled water or deionized water The operation of hot water treatment is usually carried out by a 

35 m^hod of adding a predetennined amount of the PPS resin into a predetennined amount of water and heating and 
stin-ing the mixture in a pressure vessel. As for the ratio of the PPS resin to water, it is prefen-ed that the amount of 
water is larger Usually, the bath ratio is selected to ensu re that 200 g or less of the PPS resin is used for 1 kg of water 
[0076] The desirable atmosphere of treatment is an inert gas atmosphere for avoiding the undesirable deoompoeltion 
of end groups. Furthemiore, it is preferred that after comptetlon of hot watertreatment, the PPS resin is washed several 

40 times with hot water for removing the remaining components. 

[0077J The washing with an oiiganic solvent can be canrled out as described below. The organic solvent used for 
washing the PPS resin is not espedaliy limited if it does not act to decompose the PPS resin. Examples of the organic 
solvent Include nitrogen-containing polar solvents such as N-methyipyrrolidone, dlmethyHtomfiamide, dlmethylaceta- 
mide, 1,3-dimethytimidazolldinone, hexamethylphosphoranrvde and plperazinone, suifoxIde/suHone-based solvents 

45 such as dimethyl sulfoxide, dimethylsulfona and suffolane, ketone-based solvents such as acetone, methyl ethyl ke- 
tone, diethyl Icetone and acetophenone, ether^ased solvents such as dimethyl ether, dipropyl ether, dloxane and 
tetrahydrofuran, halogen-based solvents such as chloroform, methylene chloride, trichloroethylene, dichloroethyJene, 
perchloroethylene, monochloroethane, dichioroetiiane, tetrachloroeftane, perchloroethane and chlorobenzene, aico- 
hol/|3henol-based solvents such as methanol, ethanol, prx)panof. butanol, pentanol, ethylene glycol, propylene glycol, 

so phenol, cresol, polyethylene glycol and polypropylene glycol. Among these ongante solvents, the use of N-methylpyr- 
roiidone, acetone, dimethylformamide, chlorofonn or the iike is especially preferred. One of these organic solvents can 
be used, or two or more of them can also be used as a mixture. 

[0078] As an ^mpie of washing with an organic solvent, the PPS resin can be mmnersed in the organic solvent, 
and as required the mixture can also be stirred or heated. The temperature at which the PPS resin fs washed with the 
ss organic aoh^ent is not especially limited, and can be selected as desired in a range from room temperature to about 
SOO'^C, At a higher washing temperature, the washing efficiency tends to be higher but usually a sufficient effect can 
be obtained in a washing temperature range from room temperature to about 150*C. Washing at a temperature higher 
than the boiimg point of the organic solvent under pressurizallon in a pressure vessel Is also possible. The washing 
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time period is not especially limited either Depencfing on the washing conditions, in the case of batch washing, washing 
for more than 5 minutes usually can gh/e a sufficient effect. Continuous washing is also possible. 
[0079] The add treatment, hot water treatment and washing with an organic solvent c^n be adequately used in 
combination for obtaining the PPS resin (a-1) and the PPS resin (a-2) having the Intended melt vfecosity and chloroform 
extractable fraction, 

[0080] Furthemiore, in this invention, for controillng the ash content of the PPS resin, the condition of hot water 
treatment is one of important condltfons. Furthemiore, the washing of the PPS resin with hot water after completion of 
hot water treatment is also an important condition for controlifng the ash content. If the amount of washing water is too 
small, the ash content tends to be large, and if it is too large, the ash content tends to be small. 
[0081} IWoreover. for the purpose of removing the volatile matter, dry heat treatment can also be earned out at a low 
oxygen concentration while InhibFting crosslinldng. It Is preferred that the temperature is in a range from 130 to 250*»C. 
A more prefenBd range Is 160 to 250"C. Furthennore, in this case, ft is prefenwl that the oxygen concentration Is less 
than 5 vol%. More desirable is less than 2 vol%. it is prefenred that the treatment period of time is in a range from 0.5 
to 50 hours. A more preferred range is 1 to 20 hours, and a further more preferred range Is 1 to 10 hours. 

[Vompounding method] 

[0082] As atypical example of the method for producing the PPS resin composition of this invention, raw materials 
are supplied Into a melt kneading machine such as a single-screw or twin-screw extruder, Banbury mrxer. kneader or 
mixing roll and are kneaded at a temperature of 5 to eo*C higher than the temperature of melting peak of the PPS 
resin. For controlling the dispersion pattern of the olefln-based resin (b) into a pattern preferred in this Invention, it is 
prefen^ to keep the shearing force relatively high. Particularly it is preferred to use a method of kneading using a 
twin-screw extruder, to ensure thatthe resin temperature during mixing becomes 1 0 to 20'='C highertiian the temperature 
of melting peak of the PPS resin. In this case, the order of mixing the raw materials is not especially limited. Forexample, 
a mixture consisting of all the raw materials can be melt-kneaded, or after some raw materials are melt-kneaded, the 
remaining raw materials can be added for further melt kneading. As a further other method, after some raw materials 
are mixed, a single-screw or twin-screw extmder can be used for melt kneading, while a side feeder is used to supply 
the remaining raw materials for further melt kneading. Any of these methods can be used. Above all, preferred is a 
method in which the PPS resin is supplied from an upstream supply port of an extruder while the olefin-bassd resin 
and other ingredients are supplied from a downstream side feeder of the extmder. As for minor additives, they can 
also be added after the other Ingredients are kneaded and palletized by any of the above-mentioned methods, so that 
the obtained mixture can be molded. 

[0083] This invention is described below more particularly in reference to examples. 

[0084] In the following examples, the properties of materials were measured according to the following methods. 
[Ot>servation of morphology] 

[0085] as™ type 1 dumbbell specimens were produced by means of injection molding. The dispersion pattem of 
the clef in-based resin (b) in the PPS resin matrix (a) was observed by a method of cutting a specimen at the center fn 
the direction transverse to the molcRng direction, freezing it without staining, obtaining a slice of 0.1 jun or less by 
cutting from the central portton of its section, and observing at a 1 0OpOOO-fbld magniffcation using a transmission elec- 
tron microscope. 

[0086] Furthemiore, whether or not the core-shefl stmcture had been fomied was Judged by a method of cutting a 
specimen at the center in the direction transverse to the molding direction, staining the center of Its section, obtaining 
a slba of 0.1 jim or less by cutting at room temperature, and observing at a 100,000-fbld magnification usfng a trans- 
mission electron microscope. In a state where 20 or more particles of the dispersion phase couid be observed in the 
same visual field, whether or not the core-shell structure had been fomied was judged for each particle of the dispersion 
phase, and the rate of the number of the particles having the core-shell structure to the total number of dispersed 
particles was calculated. The result was judged in reference to the following criterion. 

Double circle: 80% or more of the particles had the core-shell structure fonriGd (Good), 

Single circle: 50% to less than 80% of the partteles had the core-shell structure fomned (Rather good). 

Ex: Less than 50% of the partfdes had the core-shell structure fomied (No good). 

WFR] 

[0087] The MFR was measured at a temperature of 31 S.5*C and at a load of 5000 g according to ASTM-D-1 238-86. 
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[Chloroform extractable fraction] 

[0088] About 1 0 g of the PPS polymer was weighed and placed in cyfindrical filter paper, and 200 mL of chforof orm 
was used for Soxhiet extractfon at a bath temperature of 120'C forS hours. After completion of extraction, chlorofomi 
was distilled away, and the remaining amount was weighed for calculating the extractable fraction based on the weight 
of the polymer. 

[Ash content] 

[0089] About five grams of the PPS resin dried at 1 50'C for 1 hour was weighed, placed in a crucible, preliminarily 
burned using an electric heater for about 3 hours, and burned In an eiectric furnace at 650^0 for about 20 hours, for 
perfect Irwineration. The residue was weighed, and the rate of the weight of the residue to the weight of the dried resin 
was calculated. 

Dmpact strength] 

[0090] Injection molding was carried out to produce 1/8-Inch thick notched-spedmens according to ASTM-D-25e. 
The notched Impact strength was measured at 23°C accorcflng to ASTM-D-256. Five specimens were measured, and 
the measured values were averaged. 

[Low-temperature toughness] 

[0091] The notched Impact strength was measured according to ASTM-D-256 as described above, except that the 
measurlngtemperature was -40'C- When an oversized square plate described Jater was measured, notched specimens 
formed as specified in ASTiVI-D-256 were obtained by cutting the square plate In the molding dIrBctfon, and the spec- 
imens were measured simNarly. 

[Low-temperature high-speed tensile elongation] 

10092] The brealdng elongation was measured with ASTM type 1 dumbbell specimens at a tensile speed of 500 mm/ 
min Msording to ASTM-D-fiSB, except that the measuring terr^erature was -40«C. Throe specimens wer© measured, 
and the measured values were averaged. 

[Moidabiirty of oversized molded part] 

[0093] A square plate of 160 mm x 1 50 mm x 3 mm was produced by means of molding, and the moldabillty was 
judged from the appearance of the molded part according to the following criterion. 

Double circle: Mofdable with good appearance 
Single elide: Moldable with some flow marks 
Triangle: IMoldable with outstanding flow marks 
X: Not moldable due to low f lowability 

[Reference Exsmnpie 1] Production of PPS-1 

[0094] A 20-liter autoclave having a stinger and a valve at the bottom was charged with 2383 g (20 .0 moles) of 47% 
sodium hydrosutflde (Sani<yo Kasei Co., Ltd.), 836 g (20.1 moles) of 96% sodfum hydroxide, 3960 g (40.0 moles) of 
N-methyl-2-pyn'ofidone (hereinafter called NIWP), 625 g (7.62 moles) of sodium achate and 3000 g of ion ^change 
water, and while nitrogen was introduced at atmospheric pressure, the mixture was gradually heated up to 226'C, 
taking about 3 hours, to distil away 4200 g of water and 80 g of NMP. Then, the reaction vessel was cooled to 1 eo*C. 
The amount of water remain Ing in the system per 1 mole of the charged alksdl metal sumde was 0.1 7 mole. The amount 
of hydrogen sulfide that had drifted away was 0,023 mole. 

[00S5] Subsequently 2925 g (1 9,9 moles) of p-dlchlorobenzene (produced by SIgma-Aldrich) and 1€1 5 g (1 5.3 moles) 
of NMP were added, and the reaction vessel was seated under nitrogen gas. Then, with stlmng at 400 rpm, the mixture 
was heated from 200'C to 225*C at a rate of O.B'C/hnin, and kept at 226«C for 30 minutes. The mixture was then 
heated up to 274'C at a rate of 0.3*C/min, and kept at 274*C for 50 minutes, being further heated up to 282*0, The 
ejection valve at the bottom of the autoclave was opened, and under pressurization with nitrogen, the content was 
flashed Into a vessel wrth a stirrer, taking 15 minutes. At 250*»C. the mixture was stirred for a while to remove most of 
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NMP, and a solid matter containing PPS and salts was recovered. 

[0096] The obtained solid matter and 1 51 20 g of ion exchange water were placed in an autociave with a stin^r, for 
washing at 70°C for 30 minutes, and the mixture was 8uctic»i-flitered using a glass fitter. Then, 1 7280 g of ion exchange 
water heated to 70*0 was Injected Into the glass filter, and the mixture was sucOon-filtered to obtain a cake. 
5 [0097] The obtained cake and 11880 g of ion exchange water were placed fn an autoclave with a stirrer, and the 
atmosphere In the autocfave was replaced by nitrogen. Thembrturewas heated up to 1 92**C and kept at the temperature 
for 30 minutes. Then, the autocfave was cooled, and the content was taken out 

[0098] The content was sudton-filtered using a glass filter, and 1 7280 g of 70* C ion exchange water was Injected 
into the filter The mixture was suction-ffitered to obtain a cake. The obtained cake was dried in hot air at 80*0, and 
10 further dried in vacuum at 1 20^0 for 24 hours, to obtain a dry PPS. The obtained PPS-1 had an IMFR of 200 g/10 min 
and a chiorofomi extractable fraction of 2.6%. 

[Reference Example 2] Production of PPS-2 

IS [0099] Polymerization, washing, recovery and drying were carried out as described for Reference Example 1 , expect 
that the amount of p-dlchlorobenzene added was 2944 g (20-0 moles) , The c^tained PPS-2 had an MFR of 270 g/1 0 
min, and a chiorofomi extractable fraction of 2.7%. 

[Reference Example 3] Production of PPS-3 

20 

[0100] The PPS-1 obtained as described for Reference Example 1 was heated at 200*C for 8 hours In a nitrogen 
stream, to obtain a crosslinked PPS, The detained PPS-3 has an MFH of 160 g/10 min, and a chloroform extractable 
fraction of 2.1%. 

55 [Reference Example 4] Production of PPS-4 

[0101] A 20-l[ter autoclave with a stirrer was charged with 2383 g (20.0 moles) of 47% sodium hydrosulfide (Sankyo 
Kasel Co,, Ltd.). 848 g (20-4 moles) of 96% sodium hydroxide, 3267 g (33 moles) of NMP, 631 g (6,5 moles) of sodium 
acetate and 3000 g of ion exchange water, and while nitrogen was introduced at atmospheric pressure, the mixture 
30 was gradually heated up to 225*C, taking about 3 hours, to distil away 4200 g of water and 80 g of NMR Then, the 
reaction vessel was cooled to 160*C. The amount of hydrc^en sulfide that had drifted away was 0.018 mole per 1 
mole of the charged alkali metal suifide. 

[0102] Subsequently 2974 g (20.2 moles) of p-dlchtorobenzene (produced by Sigma-Aldrich) and 2594 g (26,2 mofes) 
of NiWP were added, and the reaction vessel was sealed under nitrogen gas. With stirring at 400 rpm, the mixture was 

35 heated up to 227*0 at a rate of 0.8°C/mIn, and then up to 270*C at a rate of 0.6'C, being kept at 270**C for 140 minutes. 
Then, while the mixture was cooled down to 2S0'C at a rate of 1 .3*C/min, 664 g (38 nrroles) of ion exchange water 
was pressed into the autoclave. The mixture was then cooled down to 200«C at a rate of 0.4"Cyinln, and quickly cooled 
to near the room temperature. The content was taken out and diluted with 10 liters of NMP, and the mixture was filtered 
using a sieve (80-mesh) for separation into the solvent and the solid matter. The obtained particles were washed with 

40 20 (iters of warm water several times, and the mixture was filtered to obtain particles. They were then supplied into 1 0 
liters of NMP heated to 100*C, and afterstimngfore^out 1 hour, thembrturewas filtered to obtain parttcles. They were 
further washed with hot water several times, and then with 20 Itters of wami water containing 9.8 g of acetic acid. The 
mixture was filtered to obtain particles that were washed wfth 20 liters of wann water.Themlxture was filtered to obtain 
PPS polymer particles. They were dried in hot air at 80*0 and dried In vacuum at 120*0 for 24 hours, to obtain a dry 

45 PPS. The obtained PPS-4 had an MFR of 1 80 g/10 min and a diioroform extractable fraction of 0.3%. 

IHeference Example 6] Production of PPS-6 

[01 03] Polymerization, washing, recovery and drying were camed out as described for Reference Example 4, except 
so that the amount of p-dtchlorobenzene added was 3031 g (20.6 moles) . 

[0104] The obtained PPS-5 had an MFR of 400 g/1 0 min and a chiorofomi extractable fraction of 0.4%. 

[Reference Exan^le 6] Production of PPS-6 

ss [0105] A 20-liter autoclave having a stirrer and a valve at the bottom was charged with 2383 g (20,0 moles) of 47% 
sodium hydrosulfide (Sankyo Kasei Co., Ltd.), 831 g (19.9 moles) of 96% sodium hydroxide, 3960 g (40.0 moles) of 
NMP and 3000 g of Ion exchange water, and while nitrogen was introduced at atmospheric pressure, the mixture was 
gradually heated up to 225<*C, taking about 3 hours, to distil away 4200 g of water and 80 g NMP. Then, the reaction 
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vessel was cooled to 160^0. The amount of water Yemaining in the system per 1 mole of the charged alkali metal 
sulfide was 0.17 mole. Furthermore, the amount of hydrogen sulfide that had drifted away per 1 mole of the charged 
alkali metal sulUde was 0.021 mole, 

[0106] Subsequently, 2942 g (20.0 moles) of p-dlchlorobenzene (produced by SIgma-Aldrlch) and 1515 g (16.3 
mofes) of NMP were added, and the reaction vessel was sealed under nitrogen gas. Then, with stirring at 400 rpm, 
the mixture was heated from 200*C to 227''C at a rate of 0.8*'C/mln, and then heated up to 274''C at a rate of 0,6«C/ 
min, being kept at 274"C tor 50 minutes, then further healed up to 2B2'C. The ejection valve at the bottom of the 
autoclave was opened, and under pressurization with nitrogen, the content was flashed Into a vessel wl^ a stinger, 
taking 16 minutes. At250**C, the mixture was stirred for a whMe to remove most of NMP, and a solid matter containing 
a PPS and salts was recovered. 

101071 The obtained solid matter and 15120 g of Ion exchange water were placed in an autoclave with a stln-er, for 
washing at 70'C for 30 minutes, and the mixture was suctton-flltered using a glass fIJter. Then, 1 7280 g of Ion exchange 
water heated to 7^0 was injected into the glass filter, and the mixture was suctlon-ftltered to obtain a cake. The 
obtained cake and 11 880 g of ion exchange water were placed in an autoclave with a stirrer, and the atmosphere in 
the autoclave was replaced by nitrogen. The mixture was heated up to 192"C and kept at the temperature for 30 
minutes. Then, the autoclave was cooled, and the content was taken out. The content was suction-filtered using a 
glass filter, and 17280 g of 70*C Ion exchange water was injected into the friten The mixture was suction-filtered to 
obtaEn a cake. The obtained cake was dried in hot air at SO'^C and dried In vacuum at 120^0 for 24 hours, to obtain a 
dry PPS. The obtained PPS had an IWFR of 3000 g/10 mln. The PPS obtained as described above was heated for 
crossfinldng In air at 200-C, tfll the MFR reached 150 gTI 0 mm, to obtain PPS-6. The obtained PPS-6 had a chloroform 
extractable fraction of 1 .8%. 

[0108] The physical properties of PPS-1 to PPS-6 are shown in Table 1 . 



Table 1 





Chloroform extractable fracfion (wt%) 


MFR (g/10 min) 


Ash content (wt%) 


PPS-I 


2.B 


200 


0.51 


PPS-2 


2.7 


270 


0.66 


PPS-3 


2.1 


160 


0.46 


PPS-4 


0.3 


180 


0.04 


PPS-5 


0.4 


400 


0.05 


PPS-6 


1.8 


150 


0.65 



[Examples 1 to 8] 

[01 09] . The respective ingredients shown in Table 2 were dry-blended at any of the ratios shown in Table 2, and the 
blend was melt-kneaded using Mod^ TEX30 Twln-s^ew Extruder produced by The Japan Steel Works, Ltd. with the 
cylinder temperature set in a range from 260 to 290**C at a screw speed of 200 rpm, and a strand cutter was used for 
cutting into peliete. The pellets were dried at HO^C overnight, and molded Into ASTM type 1 dumbbell specimens and 
notched impact strength specimens using an inj ection molding machine (IS1O0FA produced by Toshiba Machine Co., 
Ltd.) at a cylinder temperature of SOC^C and at a mold temperature of ISO^C. The respective samples were tested to 
find whether or not they had the core-shell structure formed, as well as their properties such as flowability and impact 
sfrength. The results were as shown In Table 2, The respective samples had the core-shell structure, and were good 
in ali of flowability, impact strength and iow-temperature toughness. 

[01 1 0 J As models of oversized molded parts, oversized square plates of 1 50 mm x 1 50 mm x 3 mm were produced 
by molding using Mode) FN1000-12H Injection Molding Machine produced by Nissei Plaette industrial Co., Ltd. at a 
cylinder temperature of 300'C and at a mold temperature of eo^C, The moldabilftles and the low-tOTperature impact 
strer^hs of the specimens cut out of the oversized square plates were as shown In T^le 2. All the samples were good 
in moldabiity and low-temperature toughness. 

[Comparative Example 1] 

[0111] Pelletrzatlon and evaluation were carried out as described for Working Example 1 , except that the dlefln- 
based resin used was olefin 1 alone. The results were as shown in Table 3. The material was poor in flowabilfty and 
Impact properties. Because of lowfiowablNty, an oversized square plate could not be produced by mokfing. 
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[Comparative Example 2] 

[0112] Pelletizatlon and evaluation were catrled out as described for Working Example 1 , except tiiat the PPS-4 of 
Reference Example 4 was used. The resuits were as sliown in Table 3. The material was poor In flowability. The 
5 measured impact properties and low-temperature toughness of the resin oonr^osition were good, but since the mold- 
ability into the oversized square plate was low, the measured low-temperature toughness of the oversized square plate 
was poor. 

[Comparative Example 3] 

10 

[0113] Pelletizatlon and evaluation were can-led out as described for Working Exampte 2, except that the PPS-6 of 
Reference Example 6 was used. The results were as shown in Table 3. The material did not have the core-shetJ structure 
f omned and was poor in flowability and impact properties. The moldablltty Into th e oversized square plate was also poo r. 

15 [Comparative Example 4] 

[0114] Pelletlzation and evaluation were earned out as described for Working Example 2, except that the PPS-5of 
Reference Example 6 was used. The results were as shown In Tkble 3. The material was poor in low-temperature 
toughness. The measured low4emperature toughness of the oversized square plate was also low. 

20 

[Comparative Example 5] 

[0115] Fellettzation and evaluation were carried out as described for Woridng Example 2, except that the ratio of the 
PPS resin and the olef in-based resin was changed. The results were as shown in Table 3. The material was poor in 
35 flowability. The measured Impact properties and low-temperature toughness of the resin composition were good, but 
because of low flowabili^, no oversized square plate oould be produced by means of molding. 

[Comparative Exampte 6] 

30 [01 16] PeKetlzation and evaluation were carried out as described for Working Example 8, except that the PPS-6 of 
Reference Example 6 was used. The results were as shown in Table 3, The material did not have the core-shell structu re 
fonned and was poor in flowability and low-temperature toughness. The moJdability into the oversized square plate 
was also poor. 

35 Table 2 



40 



50 















Woridng 


Exanrqsles 






1 


2 


3 


4 


5 


6 


78 


PPS resin 


{a-1) 


PPS-1 


wt% 


65 








85 






40 


PPS-2 


wt% 




66 




75 


55 




50 




PPS-3 


wt% 






65 












(a-2) 


PPS-4 


wt% 












10 


15 






PPS-5 


wt% 
















25 


(a-3) 


PPS-6 


wt% 


















0lefin4)ased 
resin 


(b-1) 


Olefin 1 


wt% 


10 


10 


10 


20 


6 


10 


10 


10 


(b-2) 


Olefin 2 


wt% 


25 
















Olefin 3 


wt% 




26 


25 




10 


25 


25 


25 


Olefin 4 


wt% 








5 










Antioxidant 


Phenol-based 


wt% 




0.2 


0.2 


0.2 


0.2 


0.4 


0.2 


0.2 


Phosphorus- 
based 


wt% 




0.2 


0^ 


0.2 


0.2 


0.4 


0,2 


0.2 
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Table 2 (continued) 















Working 


Examples 






1 


2 


3 


4 


5 


6 


7 


8 


Obsarved mc^hology 


Core-shelJ 




® 


® 


® 


O 


O 


@ 


® 


® 


FlowabiJity 


MFR 


n/1 n min 
yf iv 1 nil 1 


lO 




10 


20 


40 


15 


15 


10 


High-speed tensile 
elongation 


-40«C 


% 


46 


36 


65 


32 


29 


36 


42 


58 


Notched impact 

strength 


23«C 




780 


750 


690 


650 


600 


800 


820 


820 


-40*C 


J/m 


700 


680 


580 


380 


450 


730 


760 


700 


Oversized 
square plate 


Moldability 




© 


© 


0 


® 


® 


@ 


® 


O 




impact 
strength 


J/m 


690 


680 


540 


350 


450 

i 


690 


730 


660 



Table 3 











Comparative Examples 










1 


2 


3 


4 


5 


6 


PPS resin 


{a-1) 


PPS-1 


vvt% 


65 








55 


40 






PPS-2 


wt% 


















PPS-3 


wt% 
















(a-2) 


PPS-4 


wt% 




65 














PPS-5 


wt% 








65 








(a-3) 


PPS-6 


wt% 






65 






25 


Olefln-based resin 




Olefiti 1 


wt% 


35 


10 


10 


10 


20 


10 




(b-2) 


Olefin 2 


wt% 




25 














Olefin 3 


wt% 






25 


25 


25 


25 






Olefin 4 


wt% 














Antioxidant 




Phenof-based 


vrt% 






0.2 


0.2 


0.2 


0,2 






Phosphorus-based 


wt% 






0.2 


0.2 


0,2 


0.2 


Observed morphology 


Core-shell structure 




X 


® 


X 


O 


X 


X 


Flowability 


MFR 


g/IOmin 


1 


5 


5 


18 


3 


5 


High-speed tensile elongation 


-40-C 


% 


10 


9 


6 


7 


10 


7 


Notohed impact strength 




23'C 


J/m 


550 


770 


340 


570 


760 


640 






-40-0 


J/m 


80 


680 


100 


280 


720 


410 


Oversized square plate 

■ 


Moldabiirly 




X 


A 


A 


o 


X 


A 




-40''C Impact strength 


J/m 




120 


60 


120 




150 



[01 1 7] The respective abbreviations in Tables 2 and 3 denote the following compounds. 
Olefin*based resins: 



Olefin 1: Ethylene/giycldyf methacryiate= 88/12 wt% copolymer, MFR = 3 g/10 min 
Olefin 2: Ethylene/1 -butene copolymer, density 864 kg/m^, MFR 3.5 g/10 min 
Olefin 3: Ethylene/1 -butene copolymer, density 861 kg/m^ MFR = 0^ g/1 0 mIn 
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Olefin 4: Ethylene/propylene = 85/15 mo[% copolymer, MFR = 0.4 g/10 min 

Antioxidants: 
Phenol-based; 

3,9-bis[2-(3-(34-butyl-4-hydro)Qf-6-mothylphenyl)propionylo xy)-! .1 'dimethylethyl]-2,4,e,1 0-tetraoxasplr<45.5]un- 
decane 

P hosphofus-based: 

Bis(2,4-dl-cumy^3henyf)pentaerythrltol-di-ptiosphlle 

[Reference Exam|:rfe 7] 

[01 1 81 A 20-liter autoclave having a stirrer and a valve at the bottom was charged with 2383 g (20.0 moles) of 47% 
sodium hydrosulfide (Sankyo Kasef Co., LiriOt 836 g (20,1 moles) of 96% sodium hydroxide, 3960 g {40.0 moles) of 
NMP, 625 g (7.62 moles) of sodium acetate and 3000 g of ion exchange water, and while nitrogen was introduced at 
atmospheric pressure, the mixture was heated up to 225*'C, taking about 3 hours, to distil away 4200 g of water and 
80 g NMR Then, the reaction vessel was cooled to 1 60*C. The amount of water remaining in the system per 1 mole 
of the charged alkali metal sulfide was 0.1 7 mole, and the amount of hydrogen sulfide that had drifted away was 0,0323 
mole. 

[0119] Subsequently, 2925 g (19.g mofes) of p-dichlorobenzene (produced by Sigma-Aldrich) and 1515 g (15.3 
moies) of NIWP were added, and the reaction vessel was sealed under nitrogen gas. TTien, with stirring at 400 rpm, 
the mixture was heated from 200*C to 225*C at a rate of 0.8*C, and kept at 225*'C for 30 minutes. The mixture was 
^en heated up to 274«C at a rate of CS^C/min and kept at274"C for50 minutes, being further heated up to 282*C. 
The ejection valve at the bottom of the autoclave was opened, and under pressurization with nitrogen, the content was 
flashed Into a vessel with a stln-er, taking 15 minutes. At 250"C, the mixture was stin^d for a while, to remove most of 
NMP, and a solid matter containing a PPS and saJts was recovered. The obtained solid matter and 15120 g of ion 
exchange water were placed in an autoclave with a stinger, for washing at 70»C for 30 minutes, and the mixture was 
suction-filtered using a glass filter. Then, 17280 g of Ion exchange water heated to 70"C was injected Into the glass 
filter, and the mixture was suction-filtered, to obtain a cake. 

[Reference Example 8] Production of PPS-7 

[0120] The cake curtained In Reference Example 7 and 1 8144 g of Ion exchange water were placed In an autoclave 
writh a stin-er, and the atmosphere in the autoclave was replaced by nitrogen. The mixture was then heated up to 1 92*'C 
and kept at the temperature for 30 minutes. Then, the autoclave was cooled, and the content was taken out. The 
content was suction-filtered using a glass filter, and 32400 g of 70*C ion exchange water was injected into the filter. 
The mixture was suction-flltered to obtain a cake. Furthemiore. the obtained cake and 1 8144 g of Ion exchange water 
were placed In an autoclave with a stinger, and the atmosphere In the autoclave was repfaced by nitrx>gen . The mixture 
was heated up to 1 92*^C and kept at the temperature for 30 minutes. Then, the autoclave was cooled, and the content 
was taken out. The content was suction-filtered using a glass filter, and 32400 g of 70*^0 ion exchange water was 
injected into the fitter The mixture was sucllon-filtenBd to obtain a cake. 

[01211 The obtained cake was dried in hot air at BO'^C and further dried rn vacuum at 120"C for 24 houra, to obtain 
a dry PPS. The obtained PPS-7 had an MFR of 260 g/10 min, a chlorofomi extradable fractfon of 2.4% and an ash 
content of 0.20 wt%. [Reference Example 9] Production of PPS-8 

[0122] The cake obtained in Reference Example 7 and 1 8144 g of ion exchange water were placed in an autoclave 
with a stin-er, and the atmosphere i n the autoclave was replaced by nitrogen. The mixture was heated up to 1 92"C and 
kept at the temperature for 30 minutes. Then, the autoclave was cooled, and the content was taken out. The content 
was suction-filtered using a glass filter, and 32400 g of 70»C ton exchange water was injected Into the filter The mixture 
was suction-filtered to obtain a cake. The obtained cake was dried in hot air at 80'C and further dried in vacuum at 
120*'C for 24 hours, to obtain a dry PPS. The obtained PPS-8 had an IVIFR of 230 g/10 min, a chloroform extradable 
fraction of 2.4% and an ash content of 0.45 wt%. [Reference Example 10] Production of PPS-9 
[0123] The cake obtained in Reference Example 7 and 25920 g of ion exchange water were piaced in an autoclave 
with a stin-er, and the atmosphere In the autoclave was replaced by n itrogen. The mixture was heated up to 1 92*C and 
kept at the temperature for 30 minutes. Then, the autoclave was cooled, and the content was taken out. The content 
was suction-filtered using a glass filter, and 19440 g of 70«C ion exchange water was Injected into the filter, and the 
mixture was suction-filtered to obtain a cake. The obtained cake was dried in hot air at 80'C and further dried i n vacuum 
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at 120'C for 24 hours, to obtain a dry PPS. The obtained PPS-9 had an MFR of 21 0 g/1 0 min, a chloroform exlractable 
fraction of 2.5%, and an ash content of 0.51 wt%, [Reference Example 11] Production of PPS-10 
[0124] The cake obtained in Reference Example 7and 1 8144 g of ion exchange water were placed in an autoclave 
with a stirrer. The atmosphere in the autoclave was replaced by nitrogen, and the mixture was heated up to 192'*C, 

s and kept at the temperature for 30 minutes. Then, the autoclave was cooled, and the content was taken out. The 
content was suction-filtered using a glass filter, and 1 9440 g of 70C ion exchange water was injected into the fitter. The 
mixture was sucUon-f iltered to obtain a cake. The obtained cake was dried in hot ah- at 80^C and further dried in vacuum 
at 1 20° C for 24 hours, to obtain a dry PPS. The obtained PPS-10 had an MFR of 200 g/10 min, a chiorofomrr extractabie 
fraction of 2.5% and an ash content of 0.58 wt%, [Reference Example 12] Production of PPS-11 

10 [0125] The cake obtained in Reference Example 7 and 1 8144 g of ion exchange water were placed in an autoclave 
with a stinrer, and the atmosphere In the autoclave was replaced by nitrogen. The mixture was heated up to 192^0 and 
kept at the temperature 30 minutes. Then, the autoclave was cooled, and the content was taken out. The content was 
suction -filtered using a glass filter, and 14580 g of ZO^'C Ion exchange water was injected into the filter The mixture 
was suction-filtered to obtain a cake. The obtained cake was dried In hot air at 80'C and further dried in vacuum at 

« 120C for 24 hours, to dalain a dry PPS. The obtained PPS-1 1 had an MFR of 1 90 g/1 0 min, a chloroform exlractable 
fraction of 2.6% and an ash content of 0.64 wt%. 

[Reference Example 13] Production of PPS-12 

20 [0126] The cake obtained In Reference Example 7 and 1 81 44 g of ion exchange water were pl^ed in an autoclave 
with a stin-er, and the atmosphere in the autoclave was replaced by nitrogen. The mixture was heated up to 1 92*'C and 
kept at the temp^ature for 30 minutes. Then, the autodave was cooled, and the content was taken out. The content 
was suction-flttered using a glass filter, and 9720 g of ZO^C ton exchange water was injected Into the filter. The mixture 
was suction-fittered to obtain a cake. The obtained cake was dried in hot air at 80°C and further dried in vacuum at 

ss 120*'C for 24 hours, to obtain a dry PPS, The obtained PPS-12 had an MFR of 1 70 g/lO min, a chloroform extractabie 
fraction of 2,8%, and an ash content of 0.73 wt%, 

[0127] The physical properties of the PPS-7 to PPS-1 2 are shown in Ti^le 4. 



Table 4 



30 





Chlorofomn extractabie fraction (wt%) 


MFR (g/10 min) 


Ash content {wt%) 


PPS-7 


2.4 


260 


0.20 


PPS'8 


2.4 


230 


0.45 


PPS-9 


2J6 


210 


0.51 


PP8-10 


2.5 


200 


0.58 


PPS-11 


2.6 


190 


0,64 


PPS-12 


2.8 


170 


0.73 



[Examples 9 to la] 

[0128] The respective ingredients shown In Table 5 were dry-blended at any of the ratios shown in Table 5, and the 
blend was melt-kneaded using Model TEX30 Twin^rew Extruder produced by The Japan Steel Works, Ltd. with the 
^ cylinder temperature set In a range from 260 to 290'C at a screw speed of 200 rpm, and a strand cutter was used for 
cutting into pellets. The pellets were dried at 11 0'C overnight, and molded into specimens using an Injection molding 
machine (IS100FA produced by Toshiba Machine Co., Ltd.) at a cylinder temperature of GOO^C and at a mold temper- 
ature of 130"C, The respective samples were tested to find their low-temperature toughness vaiues, and the results 
were as shown in Table 6. The respective samples had the core-sheli structure and were good in all of flowability, 
intact strength and low-temperature toughness. Furthemriore, 150 mm square 3 mm thick square plates were also 
evaluated in moldability as described for Working Example 1 , and the results were as shown In Table 6. They were 
good in both moldabilrty and low4emperature toughness. 

[Comparative Example 7] 

35 

[0129] Pelletization and evaluation were canled out as described for Working Example 9, except that the PPS-12 of 
Reference Example 13 was used. The results were as shown in Table 5. The material did not have the core-shell 
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structure formed and was poor rn low-temperature toughness. Furthermore, the oversized square plate made from it 
was poor in both moldabiJity and low^temperature toughness. 
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[0130] The abbreviations stated in Table 5 mean the following oompounds. 
Olefin^ased resins: 

Olefin 1 : Ethylene/ glycidyl methacr/late = 88/12 wt% copolymer, MFR = 3 g/10 min 
Olefin 3: Ethylene/1 -butene copolymer, density 861 kg/m^, MFR = 0.5 g/10 min 
Olefin 4: Ethylene/propylene = 86/16 mol% copolymer, MFR - OA g/10 min 
Glenn 5: Ethyiene/I -butene copolymer, density 885 kg^, MFR o^ g/10 min 

Antioxidants: 
Phenol-based: 

3.9-fals[2-(3-(3-t-butyl"4-hydroxy-5-m6thylphenyl)propionylQ xy)-1,1-dlmethyfethyf]-2,4,8,10-tetraoxaspiro[5.5]ijn- 
decane 

Phosphorus-based: 

Bis(2,4-cll-cumylphenyl)pentaerythritol-di-phosphlte 

[0131] This invention can provide a poiyphenylene sulfide resm composition excellentmtheflowabillty during molding 
and high In impact properties and low-temperature toughness. 

[0132] Since tt)e PPS resin composition of this invention Is excellent in [mpact properties, low-temperature toughness 
and fiowabllily, it can be used as injectfon-moided articles, especially oversized molded articles such as various con- 
tainers, automobile parts and machine parts. The PPS resin composition having such features is suitable aEso for pipes 
and structures such as cases of general apparatuses and automobiles, molded metallic inserts for electric and elec- 
tronic use. 



Claims 

1. A polyphenyfene sulfide resfn composition comprising (a) a poiyphenylene sulfide resin and (b) an otefin-based 
resin, and satisfying the foiiowing conditions (I) through (v): 

(I) The mixing ratio of the poiyphenylene sulfide resin (a) and the olef in-based resin (b) Is such that the amount 
of the poiyphenylene sulfide resin (a) is in a range from 95 to 60 wt%. while the amount of the olefin-based 
resrn (b) is in a range from 5 to 40 wt%, with the total we^ht of both the Ingmdients as 1 00 wt%; 

(ii) Said olefin-based resin (b) comprising two copolymers: (b-1) an epoxy group-containing olefin copolymer 
and (b-2) an ethylene/a-olefin copolymer obtained by copolymerizing ethylene and an a-olefin having 3 to 20 
carbon atoms; 

(iii) As the morphology of the poiyphenylene sulfide resin composition observed by an electron microscope, 
sard poiyphenylene sulfide resin (a) fonns a continuous phase, and said olefbi-based resin (b) fomns a disper- 
sion phase and has a core-shell structure having s^d ethylene/a-olefin copolymer (b-2) acting as a core com- 
ponent contained in said epoxy group-containing olefin copolymer (b-1) acting as a sheil component; 

(iv) The melt flow rate of the poiyphenylene sulfide resfn composition measured at a temperature of 315.5"C 
and at a load of 5000 g according to ASTM-D-1238 is in a range from 1 0 to 50 g/1 0 min; 

(v) The notched Impact strength of the poiyphenylene suFfide resin composition measured at -40*'C according 
to ASTM-D-256 is 300 J/hi or more. 

2. A poiyphenylene sulfide resin composition, according to claim 1 , wherein said poiyphenylene sulfide resin (a) has 
an ash content of 0.35 wt% to 0.65 wl%. 

3. A poiyphenylene sulfide resrn composition, according to claim 1 or2, wherein said poiyphenylene sulfide resin (a) 
is (a-1) a poJyphenylene sulfide resin having a melt flow rata of 1 00 to 400 g/1 0 mm as measured at a temperature 
of 315.5'*C and at a load of 5000 g according to ASTIM-D-1238 and having a chlorofomn extractable frataion of 2 
to 4 wt%. 

4. A poiyphenylene sulfide resin composition, according to any one of claims 1 through 3, wh^ein said poiyphenylene 
sulfide resin (a-l) is obtained by the flash method. 
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A potyphenylene sulfide resin composition, according to any one of claims 1 through 4, wherein said polyphenylene 
sulfide reain (a) furtlier comprises 5 to 80 parts by weight of a polyphenylene sulfide resin (a-2) having a melt flow 
rate of 50 to 800 g/1 0 min as measu red at a temperature of 31 6 .6"C and at a load of 5000 g according to ASTM-D- 
1238 and having a chlorofomri extractable fraction of 1 wt% or less, and not crossllnked, per 1 00 parts by weight 
of said poiyphenylene sullide resin (a-1). 



22 



EP1 433818A1 



Fig. 1 




Fig. 2 
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